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MU&fcl.l'fcJ&Zftti, nIA 1 G a NJ1 1 nlG a NflP £3eSt-lfJll L"C 

TtufSH 1 @&^IJiKI^£ G a Nm*?-#F>Jg i:Ga N^i^'J T 
M * 3c2 KM L X & h ^li?#Pi £ . 
ifTl5#S»^#P®±l^^^ti/i, pIA 1 GaNfipIGaNim 

BufB/^^7r^±^^;$tL7t^l G aN^ift, 

MB* 1 G a N*«± »=*Jft $ ttfc n M G a t , 

B«rlBnS!G aN»l±i:3g«SfL^ nlA 1 GaNltnlGaNim 

TitffS* 1 mft=?-m±KMj& £ tifcttS 2 G a N^/f t , 

UTS* 2 G a N^«±tc3^JSK$tL^ G a N^»^#P® G a N&idF-^V 
7S§% 3eS L T & & #M^#pJf t „ 
Hre^«Jt^#^«±»:»JSfc**lfc, pIA 1 GaNfipSGaNlHI 

lTSB*lje*rf-eSO f *2jB4&?*H*»tSA 1 G a Ni©A lMitli5% 
£LL 2 5 %MT-e& 1? . 

mU^MMFS-Rpm K£*t& I n G a N&£V>(iA 1 I n G a Ni^#pl© 
I nMJfcli3%H±2 0%mT-e> A 1 GaN*iv>liA 1 I nGaNi^ 
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>; tm<oa i a^:ii:(± i %m_h2 o %j^t-c* i?, mtm^^miimtm^ 

tfflBfcljffl&^WfcfcttfcA I G aNiSJFG a Nif<7)J?$ 1 nm 

JSLtl 0 nmJBlT-C**). 

Ai;r«Off$tt2 nmJgJLt5 0 nm^Tf^, 

«rSB»2j8»^«Ui5»t*A 1 G aNJf <7>Jp 2 {±0. 5 nmWl 0 nmJBLT 
T-G aN@OJl${±0. 5nm£l±5nmflTT^I. 

lWIB&l G aN^«©J¥$Mt5 0 0 nm£Lh2 0 0 0 nmftTt^D, 
mfBnMG aN^O!Sli5 0 0 nmfiil 0 0 0 0 nmHTf^D, 

ffiumimm-m^iMf&A i g a nsi^g a nioi n-r^i nm 

IhlOn rn^TT^ *) „ 
Mf2H 2 G a N^l <DJ$. $ fi 5 nmJSLkl 0 0 nmttTT^O, 
frfH#-fiS^#PS^i5tt'Sfi^#P^<7)jp${i 1 nmJSLt 5 nmMTTff 

ffiSB*2«ft?«fc*m*A 1 GaNi(7)I$liO. 5nmm±10nmmT 
T?G aNJf<7)J?$iiO. 5nmJJ±5nm£lTT^l), 
BulSpMG aN^l<7)JI§li5 nm£l±5 0 nmttTt*-5. 

6 ] a&$£ i - 3 ov>-f tifrizmwwmmz&^x, 

mffiimWFmtz&lf&A 1 G aN«XtfGaN«©£$J±**i-?'*Ll. 5 
n mjy.± 5 n m^T-e^) 0 > 
iriB#*4^p^^^tt*#T-#P^OJl${±l nmm±2 nmWT-ef^ 

mmM2mm-miz&lfZ>A 1 GaN/l<7)jp£.<±l nm£LL6 nmaitGa 
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llrie^l G a N3Uf<7»¥£{i 1 5 0 0 nmJiLh2 0 0 0 nm^TT"£>*K 
BUfBnMG aNfJ^I§lil 0 0 0 nmW2 0 0 0 nrattTt*^l), 
Bmigl®*£T-Jf K£St£A 1 G aNMRXfG a NJftf>jp£ fi^ivrft 1 . 5 

n mJiLt 5 n m£kTX~& >} ^ 
l!fri2l£2G aN^Uf Oj*£{±2 0 nmM±4 0 nmjrre&*K 
ffff5#M^#P Jf JC £ It & *T-#P ® Ol^ttln mfl± 2 n maTflf 

/tij TJf i± 6 nmJ£JLL2 0 nmJJITt** 1 ), 
flWB#2jg»?-«»;:iJ»tSA 1 G aNJf<7>lp£{4 1 nm&±6 nmJttTT?G a 

N/fOjp£fi0. 5 nmJiLh3 nmJiTF'Tr&frK 
l!lrfBp3!G aN^fOf^lil 0 nm£Lb4 0 nmm**S 

[it** 8 j. at 

fflE&|g±KgM£ SnftnSAl'GaNli:, 

«rSBn!SA 1 G a Ng±t:3j£$*L£, G a N^f^tpf fcGa NSUtfv* 
t»flB^M?#^»±t»A$ frtz plAlGaNft, 

hu SB36«± £ EMS $ ttfc/N* y 7 r m t , 

«ria^y7rS±H^§*tfc*l GaNlit, 

UteMS 1 G a NaUf±«j£ S^nSGaNlit, 

flWBngG aNm»±twBJK**tfcnfflA 1 G a N/f t 

BufBnSA 1 GaNJf±K5£j££*L£ffl2 GaNlit 

BulSfjl 2 G a N#Ji±K3l£jS$ ttfc, G a N^»#F« i G a N*»/ty 
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mmpMA 1 GaNJgiCl^^plGaNlgt, 

BfrfSnMA 1 GaNWplA 1 G a NJptf)A 1 MJfcfi 5 %JiLk 2 5 %£l 

KffB#MT-#F*t:*»t* I nGaNWvttA 1 I nGaNi^pfO 
I nJfil&H:f±3%&±2 0%IT-e, A 1 I nGaN*5HiA 1 G aNt^^' 

'j rmoA i MJt(± i %m±2 o %&.rvi> *> , mm&ttpm&mm^ 

[St*® 1 1 1 W#£ 8-10 O^rft^KSBtt^iSltfc^T', 
BtllBnMA 1 G aNJf Oi?$Ji.5 0 nmlh5 0 0 n mJ2nF"C* *K 
HUl5#fi*?-#P^^j3tt^iT#F^cojp$i±l nmfiU:5nmfilTt*i? 
/*'J 7/f<£>IP£{i2 nmft±5 0 nmJSim^ 
mifipSA 1 G aNif Oi¥£li5 0 nml±5 0 0 nmaT"C*4 

mffH^l G aN^Uf OJPSf±5 0 0 nmft±2 0 0 0 DmWTt*D, 
p IB nIG aN*»OJ?$»±5 0 0 nmJSJLLl 0 0 0 0 nmfiK**"), 
ifSnlA 1 G aNJf <0J¥£{2 5 0 nmtt±5 0 0 n mJBLT"C^> •? % 
tfIBfc2 G aN^I^)i$li5 amfill 0 0 nmJJlfe*^ 
HUfB#*tt^-#pe^j3tt^»?-#^SO^$(±l nmJJJL±5 nratlTtf? 
^.'J T«Oj?$f±2 nmJBLL5 0 amttm9, 
mtBpMA 1 G aNJf Ol?${i5 0 nmJiLL5 0 0 nmJsJLTT?* »K 
BufBpMG aN^f$li5nmtt±5 0 nmJ^mi, 

isfcfcs 1 3 ] m^ms - 1 o (ov^-rtL^tciBmo^m^^^^-c, 

iEnlA 1 G aNJf OJl£ji7 0 nmJSU:3 0 0 nm^TT^f) 
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^VTm<vmZl±6 nmiik±2 0 n m&T"C3b »K 
ItriepMA 1 G aN/f Oip£{i.7 0 nm£Lh2 0 0 nm£JLT^** 

BUlSfg 1 G a N$ff Off S ti 1 5 0 0 n mil 2 0 0 0 n mmTT?* 9 > 
IKffinSGaNSIOi^lil 0 0 0 nmft±2 0 0 0 nmflTt*^ 
itffinMA 1 G aN/f <9jp£fi7 0 nmiJLL3 0 0 nmWC'*^ 
1frte^2 G a N3Uf <Dff $(±2 0 nm£LL4 0 nmjaTtJbO, 
mrffi#Mfi^#p® fc£ ft * s^#p/i^if: ?liln m m_h 2 n m£lTT«f^ 
A-JriOf?li6nmJa±2Onm0iT^^ 

BtffBpMA 1 G aN/f 7 0 nmBi±2 0 0 nmJ£iT^l)> 

ItrfBpMG aN%m<Dm2li 1 0 nmJJLt4 0 nmlTT*!)^ 

i t * #m 1 1 h rn.it ^ >; *? a HMNVftm. 
[at*£i 5] »*^2t;aB«i©iiit*MocvDfe-csaii-s^-c* 

HHB3ME±tc«rE^^y "7 7® * 4 5 0 t£l± 6 0 0 r&T?>iag-etfM U 
*w 1050 tua± 1 1 0 0 t^T©S^t« U 

mien i jg«^-«±^«rsB* 2 g a nssji, mm^&m^pm *m>k 8 0 0 
ti± 9 0 0 r^T^sstM u 

«Ha#M?-#^«± tCitlB^ 2 j&f&^-Ji, Hffffi pIGaN^f 9 5 0 

- b zqmb-tzmitirv <y A^t^i^gi©si^ 0 
HtrfB^K±nwrie/^7 77i$:45o *cm± 6 o o "c&rFomsr^Wu u 

KriB^<y7Tff±JC«rfB#l GaNH, roilBnMG a N^/i. BufBnMA 1 
GaNI 1 0 5 0 TO± 110 0 t&TOSJSTSJS U 

huI5 n MA 1 G a NJf Jitciififeijl 2 G a N||, iftl2^**^#FJf £JH#: 8 
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0 o'CJSLi? o ow©iaitfii:L, 

1ttE£***#prJf±fctMEpfflA IGaNi, ItffBpSG a N&«£JDEfc9 
5 0 "CISIL-t 1 0 2 5 X:VkT<nmBt'?Mj8.t& 

DffinlGaNMl^aSftfcntii:, 
l»IEpfflGaN3Mlt:»»**tfcp«*fc, 

m ib n m^n t p n k mi± * w & mm t , 

[0 0 0 1] 
[0 0 0 21 

[«o&t*] 

t£*<t 0 , iWfft^I^fctS3 7 0- 5 5 0 nmff©fjfcf^Hi 
-fb$*trv>S 0 Ztlt><D§£%m : f'-C'it, ±i:in x Gai_ x N (0<x<l) £§§ 
LTfffllO^o I n x G ai_ x N^»t* I n&JfftJfcx 

1 b U JMttt iz t± x &jz § < $ -5 « & ft < 4 * o 

(1) I nGaN^itrffab^GaN^A 1 G a N <D^-^Mi)^ % < * 

(2) i§5^1 nM^ol nG aN^|t H B H ^S1-^^i6H^ B B H ^S^^ig:< 
^OJUfiKJ: <9 I n G aNG9*£ H B H p D p®7j^bU Mft* ? 5 30nm«fcl}S<£& 
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tH^$WLTLf 9o $14 0 0-5 3 0 nmOSfcH-C-f*— fttzftftft 
ifcttft< $Eft7$ s 4 0 0 nmJSlTJw*-5tSrr|&jfeai^«eTl"*o 

[0 0 0 3] 

ffiLKmmi-2>b%x.t>tiZo I niM^tt§ilI4 0 0-5 3 0 n 

mnmmi- (LEDf) (DnmtmZ&mfclb-fmwit, InGaNltf 

t'J7 ti3£{£ LT L 4 ^imm^T-t 2> £. fc 4 -5 0 
[0 0 0 4] 

ClOid^ H^S5& ? 4 0 0 nmfiTtii, »*SI#tt<Ett*jft £;*:§< IK 

# u <e& k j: t) ftmtmamT t r l t ? 0 

[0 0 0 5] 
IS&W tJ» L ± 7 f 4 nw] 
&S4 0 0 nm&T\Z&V&fk^m<0&Ti®±+&tz&KK1^&mi:to 
m-T^^tifi-S^X'^^o ffi.mz£^Xlt, Mx«£ELO (Epitaxial Lateral 
Overgrowth) ^*ilJfiLfct7r 4 7^^0±Kf£^ 

[0 0 0 6] 

7^V7^77^ *©*H*4r#tttfflV>4 £ 1 4 < , MS 4 0 0 

[0 0 0 7] 

[HUB * %>tztb (D^m 
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MA 1 GaNli nfflG a NJlt2fcS(cM lfift^Jlt, buIB^I 

M^mum®. £ *tfc> G a H1Mtif#Pm t G a N*»/t 'J 7® fc^HK 

G a NJf t p M G a NJf L X % h M 2 jS4£T-Jf t Z> -I t £ # 

[0 0 0 8] 

7i±(:M$^;il GaN^gt, pfia^ 1 G a N3fUi±fc3BJft nl 
GaNllh, ItflBnSG a N^Jf -bKB/&£ nlA 1 GaNJf tngiG 

a nji l -c * z> m i fc s mmn 1 «*?Ji±fcJBj« $ *tfc 

GaNii^'j ri*$ii:«iLt4j^#pft miasms?-* 

F*±K3&fc£*ifc, plA 1 GaNitpIGaNiOT:filt*^ 
2 tiT«B#2jB«^-»±^iK$*L/ipaGaN^«i:*^ri-*c:t ' 

[0 0 0 9] 

££T\ mie^ljg^^S.^2j@*H 1 glCi3tt*A IGaNiWA 1M 
ifcii 5 %J£Lt2 5 %&T"?* 0 , mm^MmJ-^-pm^mt^ I n G a N&£i/> 
I±A1 InGa Ni?-tpi(?) I njfcj&tfcti 3 %JSLh 2 0 %&TT% A 1 G a N 
&£v>J±A 1 I n G a N»^'J Ti«7)A 1 ittJ&Jfctt 1 %JSL±2 0 %JSLTT* <9 

xh&o 

[0 0 10] 

tfz, ffif&mimfcf-miz&ifZA 1 g aNJi s^g aNmomztezti^ti 

1 nmJSJLhl 0 nmimt), «f|E^fi*?-#F*«iC*»t4JI^#Fff ©ff 
$liln mJA± 5 n mtlTti^fJ 7JB© JP $li2n mJil± 5 0 n mftTf* 
0, tfrffi£2jB*£?-*fc:fe»t*A 1 G a NJlOjp£ i± 0 . 5 nrntlll 0 nmfl 
TfGaNlOl^liO. 5 n ml± 5 n mftTt^i C t&ffi&tjbZo 
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[0 0 11] 

ifz, flffiBUl G aN&m<DmZH5 0 0 nmtl±2 0 0 0 nmmTT-abl?, 
HufBnMG aN||Of$li5 0 0 nmW±l 0 0 0 0 nm&TX-&*), #13^ 
10*&T-Jf K£tt£A 1 G aUmRVG a N/fOJSS fi-E-^jM l nmWl 0 
n m^Tf* <5 „ tufB^ 2 G a N=fcil?)i?£ fi 5 n mfi± 1 0 0 n mi^TT^ <9 

fluiB^M^pg K£&t£l:?-#pJlOjp£ (i 1 n m£li 5 n m^T-Cg^ 
VT/iOJ¥$fi2 nmai5 0 nrnam'), IiuiBfl 2 M^f-g Kj3*t& A 1 
GaNW$liO. 5 n mttl 1 0 nraJ^TT'G a Ni li 0 . 5nmJtt 
± 5 n mlTt* i? , HuIBpUG a N^Oj^^li 5 nmJW±5 0 nm£lTtab 

[0 0 12] 

MmgiimfcT-mii'&W&A 1 GaNe;WGaN;fOJp£{±-?-;rL-r 
ft 1 . 5 n m^i 5 n mMTt^ I? , B«fB#m*T-#P^ K£lt£*^#;F/f O 
JP$ {± 1 n m£Lh 2 n mOTtl^^'; 7M?(i6n mj^_t 2 0 n m^Tf 
BtfB^2®|&^jliCfctt^A 1 GaNl«f?IJl nmW6 nmOTf 
G a NH<7)J?£{J 0 . 5 n m£l± 3 n m J^TT** £ £ t «T"*^ 0 
[0 0 13] 

Sfc, #IB^1 G aN^O/?$fi 1 5 0 0 nm^±2 0 0 0 n m&Tr-b *) 

frlBnMG aN^Jf <7>Jf £{±1 0 0 0 nmM±2 0 0 OnmimD, BtrfB^ 
lmm^-mKioltfZA 1 GaN^i^GaN^coj^^fi-e^-etLl. 5 nmfti 
5 n mttT-C* 0 , TttrfBfH 2 G a N^/f fi 2 0 n mfil 4 0 n mJJlTT-* 
<9> itriB^-fii^pg^iJtt^i^pSOJl^Jil nmfl±2nmfilTff 
^')Tm<DWZU6 nmK±2 0 nmKmi), B&iBI&2 jSte^filjSlt* 
A 1 G aMf CDJp£{il nmft±6 nmJilTT-G a N^O/?$ f± 0 . 5 nmJiLh 
3 nmiJimt), HMlBpMG a N^Jf Oj?£f± l o nmW4 0 nrnJ^Ttib 

[0 0 14] 
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nlAlGa NflLLfcJ&fcSfLfc. G a N^l?#Pi iGa N*»/ti; TJf 
[0 0 15] 

tit. mmt, m&&tiULKi&j8.2*itz/*<y7Tm£. m^yyrm±\m 

j£3*tfc£ 1 G a Nllt, HUlB^l G a Nf J±Ci^$Hfc nlG a Nil 
t, ItTSBnMG aN^»±lc^§*LfcnMA 1 GaNft, BUlBnMA 1 G a 
N«JbC^J&S*Ufc»2 G a fc, BU fBH 2 G a N*Ji±fc«jftS*Lfc, G 

a N^f^Pl tGa N#*?vty 7liHi:Hi Lt^^#llf#pl 
fc, HufB#-fi*?-#pg±iCffM$tt7tpMA 1 GaNii:, HulBpSA 1 Ga 
N«_tfc3&ft$*i.fc plG a N&B Cfc^tttl« 0 
[0 0 16] 

iit, BUfBnMA 1 GaNiMpiA 1 GaNlM 1 MJtfi 5 %&± 
2 5%&TT?*»K miB#S*^#pg{Ci3tt-S I nGaNUvMiA 1 I nG 
aNIT#pf(9I nMJtli3%a±20%aT-e, Al I nGaN^^VMi 
A 1 G a Ni^K'J 71©A 1 ttJftJttt 1 %£Lh 2 0 %^T"Ccb 0 , ifiIS*?-# 

[0 0 17] 

BUlBnMA 1 G aNJf <7)J?£(i5 0 nmJ@Lt5 0 0 nmJ^TT^<9, fly 

T^O/?$J±2 nmfli5 0 nm£lT"e*»), fulBpSA 1 G a N/f f± 5 
0 nm»±5 0 0 nmJjrrc*& CI 1 7& s £FilT?2>«5o 
[0 0 18] 

«rfB»l G aNS%B<*>ff$li5 0 0 nmJa±2 0 0 0 n miJUTT-ab *) , 
ItfBnSG aN^®Off${±5 0 0 nmlil 0 0 0 0 nmlTt^l), lufBn 
MA 1 G a NiS<7)JiL$tA 5 0 nmJ£JLh5 0 0 n mVXT^ *) , fflfB$2 G aN| 
m<Dm2l*5 nmttll 0 0 nm£m?*lK itfr|B#mS^#F/gK:fclt£fi : P 
#prjf <7>H£fi 1 nmtll5 nmJ^Tt-i^^J Tif £>J¥£l±2 nmfll5 0 n 
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mMT-Cfcl?, H«f5pMA 1 G a NJfOI?$ {± 5 0 nm«±5 0 0 nmJiTFT~& 
•9s fluf2pMG a N9fcJfOjp£f± 5 n mM± 5 0 n mfilTt^^ ^ t WlT^ 

%) o 

10 0 19] 

t ft, IfrfB nlA 1 G a Nif<7)J¥£ (± 7 0 n m&± 3 0 0 n mJBlTT* , fjtf 
|B#fiS^-#p^tCj34t-i)g^#pji^Ji${ii nmW±2 n m^TT-g^ U 
Tl<7)J?$(i6 nmW±2 0 nmm^»), frlBpMA 1 GaNi<0)|?(i7 
0 nmm±2 0 0 nmaTT^S^i: WlT^^ c 
10 0 2 0] 

£ fulfill 1 G a NfJff)I?« 1 5 0 0 n mJ£LL 2 0 0 0 n m^TT^ 
<9> mriBnMG a N9fJf <7>/?£Ji 1 0 0 0 nmW2 0 0 0 inn^T"^!), M 
IBnMA 1 G aN®Oj*£{i7 0 nm&±3 0 0 nra^Tr^^ mrf£H 2 G a 
N^c^)ji:${±2 0 nmj^±4 0 nmi^T^$>'0, fufB^M^pJf Ki3tt3 
i^PlOJI^Iil nmW2 nmWtlf/t U 7g Ji 6 n mJSl± 2 

0 nmaTT^^ HuIBpMA 1 G a NiiOJ?^ it 7 0 n mJ^± 2 0 0 nm&T 
T*&<9, HfrfBpMG aN^Oj?$(±l 0 nmW±4 0 nmJXK^^Wf 

[0 0 2 1] 

±tC|fr|S/N' 77ri^4 5 0 rm± 6 0 0 'CJ^TOSET'fM L, HufB^" 777 

^ ±izmmm 1 g a n^®, mm ni g a n^ji , mism 1 »i 1 o 

5 0 m_h 110 0 V&.T^Bt'CMm L, itfB^ 1 jg^Jf iKffrfeiil 2 G a 

N3U§, HfriB^m*?-#F^*M^:8 oora±9 0 ormToagriFMu 

Bfrl3#fi*T-#^-hHB<rfBm 2 jg^S, ftfB p M G a N^if 9 5 0 "C 
£l±l 0 2 5t:mT^JST-ffM-r^i«!:^#mi:1-^o 
[0 0 2 2] 

£ fc, BtfB^itCHufB/N* 7771*4 5 0 'CJWJl 6 0 0 'CJ^TO^T^ 
U ifBA^TiiWieilGaNm MISnMGaN^, laienMA 

1 GaNif £JK#:l 0 5 OTJJBLhl'l 0 0 *CJBlT©fflJK-C^jffi U HufBnMA 1 
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G aN0±fcfWB82 G aN#», MIB#S*T-#P^ £M#;8 0 0*CJ!2U:9 0 
0 rmTO&t-etfM U Htia#SS^#Pl±^ltrfBpMA 1 GaNi, H«fB 
pIG a Nifcif SrJ«^ 9 5 0 *Cm± 1 0 2 5 T^T©i&gte^J&-*-* - fc £#@ 

[0 0 2 3] 

0 0 nmJaT©**RR^**«*#*£fc<>T£*o V 
fb^HT^^lEfMeS ^%ilCl^j|E.^&^/f S|1K». ffi&ft (&S4 0 0 nmJSIT) £ 

[0 0 2 4] 

[Hig^Hifeo^l 

[0 0 2 5] 

<iiiifS> 

h i Kit, *nffi&mKmz g a N&ft&wmft-mwt Lxmm^ (le 

U t - * -ea£«Srinafe U*#?>JE»5!f^ LTlMg±-CRlE$ 
[0 0 2 6] 

&Ki ooasfc 5 o oti -eT»f, jj-jvz/yyjfxtry^-Tifxz 



fflaMf 2003-3054606 



#JS 2 0 0 2 - 1 6 2 6 4 6 13/ 
14*2 5nmMt4. :OGaNAy7 7il 4tt, v>^Si!£A'y7r 

itu«t^^ti)io i o 7 5t:f -e^fiLt, sifm; 

**f-)\/1fV VARZfry^-TffXZmLXTy K--/G aN| 1 6 £2 /^ml 

^^}[lx.T, S i K-7n-GaNll 8£l /<mflt^. / ^;Vvv > 
5!fXliGaNi:S i 5: K-yLT nSU~-f& >K S i K-T'n-G a N 

S 1 8^t'j7fJ|I^J;-?-5X 1 0l8 C m-3-C&&o 
[0 0 2 7] 

0<D&m* 1 0 7 5t:<Dt im&LTS i K-7n-A Iq.iG 
a 0 .9N (2 nm) /Si K-7n-GaN (2 nm) fc^Slfc 5 O^T^JfcL 
TSLS (Strained Layer Superlattice ! MjSJ&^B 2 0 £ffM-f &o A 1 G 
aN£ffM-T<S>^<2> b V y^-TtfXiZiuz.X V V * f- 

;V7;K-7A i&1frttUt £ v> (S i * F-7 , 1-^.fci6. g||&fc(±S fefc-ty 
^f;l/y7>fX^n) o SLS12 0rt©Wt';7fSli5X 1 0 
18cm-3r^^ 0 
[0 0 2 81 

-£?>^ &tiuBi£&8 3 O'CiXfifXT y V — zfG a NS 2 2 £ 3 0 nm5£ 
J&1-& 0 3G>t=, T>K-7I no.05Gao.95N (1. 5nm) /T^F-^/A 
1 0. 1 1 n0.02G a 0 .88N (9. 5 n m) Sr^SK 7 ^TOT UMQW (#S 

iK'/y'i'AWT'/^T^^MLtM?^ Al I n G a Nfi£ 6 (C 

*fc^'JTJi*5S5:t«»LT*lJ, a^Ht^JR-Clir^K-^I nGa 
N*»#PJB t LT^fg U 7'/K-7*AlInGa N)&*/*V 7Jf fc LT«1JB1- * 



tU|E4f 2003-3054606 



#12 0 0 2- 1 6 2 6 4 6 14/ 

s #PMl* I n G a Nm-C$>2>-t)K A 1 I n G a NT*#pl^tIt-S CHt 
§ *o #p1SI>Vn''J 7JI t HA 1 I n G a NT«t^M, A 1 

t Ltlt 0 %~ 2 0%5Wi&-C&& 0 HI 1 K&tfZ> I n G a N#p/f A 1 

[0 0 2 9] 

MQWf*i2 4Wi ££l 0 9 7 5 t:i ti^^^TM g K — 

^p-AlGaN (1. 5nm) /Mg K-'/p-GaN (0. 8 nm) £££ 
(:50^7lSLtp-SLSi26«m £f>JC, p-GaNf28^1 
5 nm/iWM-r^o p-SLSf2 6Mp-GaN12 8flW + t'J7SI 
liWtl5X10^ C m-3, 3 X 1 0 18 c m-3-e&& 0 
[0 0 3 0] 

^<bI&*)ffiU N i (1 0 nm) , Au ( 1 0 n m) *^IiLtSI 
U 5 %<^S?£#tfM|f#*»B^;4' 5 2 OttttlLtilli: p 
!TOi3 0fcfSo p«@3 0£ffML£flU $IC7* M/-^h^i*L 
% i7f>m^iLTffiV5tn-GaNU 8^gffltSJ:M^7f >^ 
U itBL/cn-GaNU 8±t:T i (5nm), Al (5nm) ^If U 
S3t#*X«f4 5 0tf3 0^r«iLtnlt3 2 *J£jffi-r* 0 
[0 0 3 1] 

7*^ >^fflWJ?$ 5 OOnmCAuA'7 K&J&SU IMS 1 O^Kl 00^ 

* (LEDWX) 75 ? fP^$tt^> 0 
[0 0 3 2] 

[0 0 3 3] 
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#K 2002-162646 



1*1] 







©Hd/cm 3 ) 


_,_L /-» _ k 1 

pT vaaiM 




1-50E17 


Mg h — p— AIGaN/ 

Mg K— ^ p-GaN SLS 


Al=5-25% 


1-30E17 


AllnGaN/ AllnGaN MQW 


AllnGaN f well) fln=3— 9flQ£ Ai=n-9na*^ 
AllnGaN (Barrier) (AI=1-20%. 
ln=0-10%)fc/£U wellJg0>/\*>K 


T^h — J 


7>K— Z? GaN 






Si F— ^ n-AIGaN/ 
Si K— 7? n-GaN SLS 


AI-5-25% 


1-8E18 


Si F—y n-GaN ~ 




1-8E18 


7>K— ^ GaN I 






M^TJS 1 



















X 1 K*V>T, MQWUfi 2 4 J±A 1 I n G a N/A 1 I n G a N 

T*§T^iM^ SLS120, 2 6Ki3»7*A l«fi5%m±2 5 %&T\ 
MQWS&ft* 2 4 fcistt*#P«OA I jfiAtt 0 %£Lt2 0 %J»T\ I nM» 

3 %m± 2 o %&t\ rm<DA 1 1 %m± 2 0 %it, i ntsa 0 

[0 0 3 4] 

(a) InGaN^pf/AlGaN^'JTi 

(b) InGaN#Fl/Al InGaN^'VTf 
( c ) A 1 I n G a N#p/I/A 1 G a N/^V TJ§ 
(d) All nGaN#FJf/A 1 I nGaNA'J7| 

^■^7 7 ,, J:f)^/>$<^^j;9(cia^s^$tL^o mut (b) 
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mm 2 0 0 2- 1 6 2 6 4 6 ^- v : 16/ 

[0 0 3 5] 

tit, m2izMm<omtL^mm^ir 0 

[0 0 3 6] 

m2] 







p+GaN 


5-50nm 


Mg K— y p-AIGaN/ 
Mg K— Zf p-GaN SLS 


AIGaN(0.5-10nm)/GaN(0.5-5nm) (20-100 


AllnGaN/AllnGaN MQW 


AllnGaN (weli) 

( 1-5nm) /AllnGaNC Barrier) ( 2~50nm) 


7>K— 7 GaN 


5-100nm 


Si K— 7 n-AIGaN/ 
Si K— 7 n-GaN SLS 


AIGa N ( 1 -1 Onm) /Ga N ( 1 -1 Onm) ( 1 0-500 


Si K— 7 n-GaN 


500-1 OOOOnm , 


7>K— 7 GaN 


500-2000nm 




1 0-40nm 


SiN/ ( 8KT =M»b£:l t ) 









SE2fci3Vvr, MQWHjfci2 4fcLT{±, A 1 I n G a N (**v>ttl nG 
aN) #Fm<0]gU9-ti 1 nmfil 5 nmJ£TF-C&») > AllnGaN (**v»(± 
AlGaN) A'J TiOi)|l± 2 n m£l± 5 0 n m^Tt^S„ Sfc, SLSi 
2 0 KiJltSA 1 G aNC9M/¥i± 1 nrnfllil 0 n m^TT'* •? , G aNOif 
4> 1 nmtlll 0 nmfilTT^So SLS12 6 ^jSlt-S A 1 GaNOHJffiO 
. 5 nm£Lhl 0 nm^Tt**^ G a N<7)f|Jf: t± 0 . 5nmft±5nmaTt 
<fe & o 

[0 0 3 7] 

fliOSKWCW:, GaN^77| 1 4tf>Jg|J?<±l 0 nmfl±4 0 nmfilT 
•C* •? > 7 > K- y G aN116 OHJpfi 5 0 0 n mfl± 2 0 0 0 n mOT - ?* 
*K S i F-/n-GaNi 1 8 OfUpJi 5 0 0 nm£U:l 0 0 0 0 nmiTp?? 

7 > K - /G a NI 2 2 ©ifli 5 n mJilJ: 1 0 0 n m^TT^ *) , p- 
G aN® 2 8co)U*{i5 nmJ^±5 0 
[0 0 3 8] 
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Wm 2002-162646 ^- v : 17/ 



[0 0 3 9] 

K3] 







p + GaN 


10-40nm 


Mg K— 7 p-AIGaN/ 
Mg p-GaN SLS 


AIGaN(1-6nm)/GaN(0.5-3nm) (40-60 


AllnGaN/AllnGaN MQW 


AllnGaN (well) 

(1-2nm)/AllnGaN(Barrier) (6-20nm) 
(5-10^7) 


7>K— 7 GaN 


20-40nm 


Si K— y n-AIGaN/ 
Si K— 3? n-GaN SLS 


AIGaN( 1 .5-5nm)/GaN( 1.5-5nm) (40-60 


Si K— :7 n-GaN 


1000-2000nm 


7>K— !7 GaN 


15G0-2O00nm 




25-35nm i 


siN/^^T(^<'c^,«^93S:l^) 









^3K:fcv»T, MQW3&36JS2 4 t Ltli, A 1 I n G a N (&&v>{±I n G 
aN) WPm<DWM-\il nmJSUt2 nmflTt*D, Al InGaN (**v»li 
A 1 G a N) A'J7i©R?li6 nm£U:2 0 nmamio Sfc, SLS® 
2 0K£lt&A 1 GaNORffttl. 5 n mJ£U: 5 n mKTt'i 1? , G a N©§ 
J¥l±l. 5 nmJW±5 nmJ^TT**^ 0 SLS12 6 liZ&lf & A 1 Ga NOHip 
(± 1 n mJSU: 6 n m&rfCi> •? > G a N^HJSfi 0 . 5 nmfl±3 nmflTf 3& 
&o -e-Offe<D^^ov»T(i, GaNA'7 7 7| 1 4 ©ifli 2 5 nm^_t3 5 n 
mElT, T > K— 7°G a NJg 1 6 OJUJpfi 1 5 0 0 n m£Lh 2 0 0 0 n m&T\ 
S i K— 7*n — G a NH 1 8 <D)^?{± 1 0 0 0 nm£l±2 0 0 0 nmfilT, T> 
K-/GaN12 2<Dmm&2 0 nmW4 0 nm£lT, p - G a 2 8 Oflg 
J?{± 1 0 nmJ£Lh4 0 nmJy.T-e&So 
[0 0 4 0] 

m. 4 k ii % ^i^MocvD^i -cjfeR-t 4 ^o^sias *w$o 

[0 0 4 1] 
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• 

^-v: 18/ 





?SS(°C) 


p+GaN 


950-1025 


MgK— y p-AIGaN/Mg K— 7 p-GaN SLS 


950-1025 ! 


InGaN/AllnGaN MOW 


800-900 


7>K— Z? GaN 


800-900 


Si F—y n-AIGaN/Si \r—y n-GaN SLS 


1050-1100 


Si K— 3^ n-GaN 


1050-1100 


T>K— ^ GaN 


1050-1100 




450-600 


SiN/^y^T 


450-600 





^4fc*swt, G aN/^7rl 1 4J44 5 om±6 0 Ot)JBlT"ej&S£it: 
, 7>K-/GaNIl 6141 0 5 0 "CJ&LL 1 1 0 OtJtiK'M?*, S i K 
-^n-GaNl 1 8 (4 1 0 5 0 TCJULL 1 1 0 0 TCJaT"t?JfcfiSH*\ S L Si 2 
0&&v>i4A 1 GaN$f20l4l 0 5 OtfiLhl 1 0 Ot£lTtM$*, T 
> K— y G a NJg 2 2 14 8 0 0 tJULh 9 0 0 tJBlT-CjKS $ MQWfjfcl 2 
4 f4 8 0 0*CJ!2JUt9 0 OTCfilTt?****, SLS12 6**v>ttA IGaNf 
126(49 5 0 *CJ£JL_h 1 0 2 5 tlTTJtS$*, p-GaN12 8149 5 Ot 

ja±i o 2 5t£iT-ejsK*s**o 

[0 0 4 2] 

SJ4, 2 -f>^!:@<7)? jc/^rtT'^OA v-7^(4^) ^iW, t«3 7 2 n 
m±5 nm<0«H-e*4Ctt||BL-Cv»5 e ^-Wfi^^li, £ i-?"3 

o 

[0 0 4 31 



mm 2002-162646 



[«4] 
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#11 2 0 0 2- 1 6 2 6 4 6 ^- P I 19/ 

) 

j?,v>EBL*: 0 1"^^*>. f&7lSfc?-^&S^3 8 0-4 0 0 nmWWi'k, &m<DW- 

tv^o Mt?-??fcR^3 6 5-3 8 0 nmOl^li, 

2ic^£tLfc£?£ Lv^£<^$&H^f^& t*aj;fj{±0. 1 mWjrFK^K 

2jt±lmWWT&'&£ 0 imbii?, ^2^>^^{i^3 K^£*Lfc$aHKl£5t-t- 

& c t x\ 4 o o n mJ^T) <D5£M±mzft±x& tmmz 

flfZ 0 

[0 0 4 4] 

mmm^-Mffltm.^nzwmizmm-fz> n — g a n/a i g a n slsi2 

0i:7>F-:/GaNJf 2 2 Of ItWtlltv^ ^ t^^^ 0 SLS 

KWtfc £ fitzm^tm 2 4* <D&mmm. vtztm^^o 

[0 0 4 5] 

$ h mtwRm** ztitzki -owns t it, ^5fc® 2 4 oMii 

^^ ? #^.?>tL^ 0 A 1 InGaN (&&v>{±I n G a N) #f!/A 1 InG 
aN (*4^ttAlGaN) /V) Tm*W% LfcMQWI&JfcJf 2 4 C*SV>TMU 
Inll«< I nGaN<9iBLJ&«&rWtjfe£»>»v\, MI^^C-S t I 

A 1 ^iD$tLTV^<7?X% I n tA 1 0&j££I^B#Kit^-f £ i: T?, 
^K^^I nfcA 1W«WU SltLtMif.m^^l. 
C i: ri*#x. <b *ia o a 3 K f±. Kli*HFMIKtt9X^ £ tut £ r>> - o^g-e 

[0 0 4 6] 
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#H 2 0 0 2 - 1 6 2 6 4 6 'J : 20/ 

[0 0 4 7]. 

&ib\ ffiffiffiAWu SLSJ12 O^ftfcOKA 1 GaN^itU SLS 
€ 2 6©ft*>f)UA 1 G aNWfitLT^Mii:$S4 0 0 nm^TT^^ 
a^v^fcil^HiLtwio SLS12 0 <Djtt> <9 1:, Al 

HJc£ 5-2 5%<t LfcA 1 G aN£5 0 nmJELh5 0 0 nmJ&T* i^igK 
l±7 0nmiJl±3 0 0nmaTMU S L SJ1 2 6 ©ft to *) fc. ALi8Ufit5 
~ 2 5 % i: Lfc A 1 G a N £ 5 0 n mJiLt 5 0 0 n m£I.T\ i f? JfigKti 7 0 n 
ml±2 0 0 nmJ@LT3^Jft^&o A 1 G a NfS4iV^;»^O^Wl±y 

[0 0 4 8] 

t7r^7itl 0/S iN/Fliil 2/GaNA'777|l 4/7>K- 
7GaN®16/S i F*-7n-GaNSl 8/A 1 GaNg2 0/7>K-7 
GaN§2 2/MQWf&ft*2 4/A 1 G aNI2 6/p-G aNi'2 8 

[0 0 4 9] 

<^2^MM> 

*iTv>£^ *9-*TO+4fci6lctt]iat1-*ff^M|lC!) , jftJt3jf4 0 0 nmJBlT 
, <fc 9IEIifclijfcg3 8 0 nmWT-e4lttilf4?)4V'o fl£*t*v»Ttt, 

A g < > WM jzmfr *)K%& Z> o 
[0 0 5 0] 

*ZX\ WJmWBytMtLX&l&&2tLtz5&ft,%¥T'UZ (LED) £ 
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#M 2 0 0 2- 1 6 2 6 4 6 *~5? : 21/ 

$S4 0 0 nm, 3 8 5 nnu 3 7 2 nmOLEDt-IlfLtif ©#1^* 
tzo MJ**aU£tti5J:-e5mW (4 0 0 nm) , 3 mW (3 8 5 nm) . .1 mW 
(3 7 2 nm) t?&& 0 
[0 0 5 1] 

4 0 0 nmLED^ mB&m.fr& & 0<?)fe«ffi? tvf, M?fc05jlE& 
^£•9 i:rl J x^)^(7)^'tJ"e^l-^^T^o7t:o. 3 8 5 n m L E D V 

< Ji. x. & K3I < , 3 ISC-fe * l~ #5IT* § o 
[0 0 5 21 

ittt, £ t), ^S3 6 5-3 8 0 nmfOL EDIi, £tf fcffjJRSft-CV** 7* ■ 
[0 0 5 31 

m^<±o If-*&JI4 0 0 nm (5mW) % 3 8 5 nm (3mW) , 3 7 2 nm 
(lmW) <D LED ft* * ti^ti 1 OfrW^izmSiLT BUlt <D&1t (\,*t>®2> 

ami) zm^fzo -eo^m, £-*«me4 o o nm (5mw) ©ste-w-is^ 

$>#La:tf»ofc©K*tU 3 8 5 nm (3mW) (Dm&te&L&ikffM, 
hfltzo — 3 7 2 nm ( 1 mW) f±, lio^() Lfcttd^fLfco 

iOCtJi, jftj&3 6 5-3 8 0 nm^LED^AflcOHttttijfeii- ifc* 
^FLrv^ 0 C^LEDS-jfciitL-CfflWtHMSf^L^ 115mm 
*>*#y h£*t*H*feW"*- ^HS&^L ED£«S 3 cm©£iR±fcEaLT« 
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#M 2 0 0 2 - 1 6 2 6 4 6. : 22/ 



o 

[0 0 5 4] 

10 0 5 5] 

<*4*H0Bffl> 

HjJE$*t"CV^UV*y b-fbttD^ (S P F 5 0 +PA + ++) fc&ofc&JfK 
*tU tf-^»fi3 7 2 nm ( 1 mW) <0 L E D*3teWK:jft*a^» 3 HJfi5K 

^tit^xBmt<om.m^^K^^^timmLtz 0 ^oiac, $n« 

10 0 5 6] 
[0 0 5 7] 

<» 5 



ffiiE# 2003-3054606 



#H 2002-162646 



23/ 



*ttfc*3ttJ0^»OL E D fc itt% M^O*3fe«-MltLT^ 

[0 0 5 8] 

t-^tft4 0 0 nm (5 mW) „ 3 8 5 n m (3 mW) , 3 7 2 n m ( 1 m 
W) OLEDfc 3SfeOlHJ»^fc^T|/Tllf^IL/:. *3fcffl£« 

o 3 o »®ffijsai* *a o t & , *»seaow* $ ©«m-e**sw* e» ©is*** 

tz 0 £X<DWL&X~mffi<0®mmt>titzi)K f-^S4 0 0nm (5 mW) 
[0 0 5 9] 

ftS 365-400 nm^LEDtlBJ^fL^fit 

«t 9 , ^*<7)*^^g fc jt^-cra*** < s c: fc ^-e § * o 

[0 0 6 01 

&<DWmmzo\,*~Ci>ffimLtz 0 t?-^tS4 0 0nm (5mW)\ 
3 8 5 nm (3mW) <7>LEDfi, ^IItC{±Wfe~^-fe^J,AS fc*, *jfe*UT* 

*-fefcffi-tfcM^75 ? ^Di9^v^^^o#m{4-e§^v^ mi>m&x-&&o — 

t'-^«3 7 2 nm ( 1 mW) ©L EDJ±|^|S^±tefc^jl,x£v>£:# 
* 3flfe«r&^Kim-r*£fc;0fe§s o Lfc^oT, $S3 6 5~3 8 0 nm 

[0 0 6 1] 

<#6&SfcJ&«|> 



ffilE#2 003-3054606 



#M 2002-162646 s<-P ; 24/ 

fco ITO^ 2W<7)7Xil7>y^Ji:^^i6SlJ<7)^@f^lSttL/co LED<Dif 

m^^tp^-r^^^s^^e-^s^^ii-r^*, tf-^mstu o omA, tr 

-^ifJMlOmW, ^Xipil 0n^ iti *9 Litf 1 0 H z (¥#JtB# 1 
mW) O/N'^^IEItlSr^To^o M^{±> LED<7>^/h$VHC^^;bib-rJ: 

ftAJRftfflO*«i: LT, &S3 6 5-3 8 0 nmfOLED^ttiiCti'i) 
[0 0 6 2] 

*S3 7 2 nm«)LED*2 0 OlftlU, ±*Lfc*U*fcH#K:/*/l';*IHtt 

fco **is»«ioLEDt3iait^v»fejRaKi§««ii, awfc&^s l 

[0 0 6 3] 

<DLED*m^Tm<Dmmi>ftmim-?$>2>o wait, ^mm^m.moM^> 

[0 0 6 4] 

3Miat^»K*V>-C, GaNJil 6©ftt>»)KA.l G aNi^fflV^i 
t36 s T^, nIG aNl 1 8 <DjXt> 0 H nSA 1 GaNlifl^Ctmi 
o Sfcfc, GaNi2 2©^»li:inGaNi«:Iv^it^i, plG a 
Nil 2 8(0ftb»)l;pII nGaNl^iHtH, TG a 



ffiiEJlf 2003-3054606 



mm 2 0 0 2 - 1 6 2 6 4 6 ^<-i? ; 25/E 

N^/fJ \Zi£^ GaN/fOflfa, GaNOGa^Al^InfftLtAlGaN 
m*? I n G a Nl i>&ttMX*$>2> 0 
10 0 6 5] 

& o 
o 

[El 3 J HM^ffl^-e^-So 

10 mfo, 12 S iNl, 14 GaNA'7 7rl, 16 T^F-^G 
aNJf, 18 SiK-^n-GaN«, 2 0 S i K-/n-A 1 GaN/S 
i K-/n-GaN SLSI, 2 2 T > F— 7"G a NIL 2 4 AlInG 
aN/AIInGaN MQWi, 2 6 Mg F— 7"p — A 1 G a N/Mg K— 
7"p-GaN SLSJf, 2 8 p-GaNJf, 3 0 p*fe 32. nS^o 
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#12002-1 626 46 



s<-v : 1/ 



[mi] 

30- 
28- 



22- 



26 



24- 



20- 



18- 

16- 
14- 
12- 



mm 



-32 



LI 



10- 
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M2] 



^-v: 2/ 




^ n— AIGaN/GaN SLS 




fflffiE# 2003-3054606 
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mm. 2002-162646 



I/E 



mm 

MKfe^SJ 3&K 1 0±fc|&fcS iNA'7 7ril2, G a N/n*-7 77114 
> 7>K-7'GaNil6, S i K-7°n-GaNf 1 8, SLSI20, 7> 
K-7'GaNS2 2, MQWf&T&Jf 2 4, SLSJf 2 6, p-GaNf28^t 

[S^RB] m 1 
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#H 2002-162646 

m m. a jot m « * 

f$SU#-i§- [500221563] 
1 . B 2 0 0 1 ^ 7H10B 

ft 3f @.^H:(!*P^rUSFW"0^#«M^ 1 1 5#tt© 7 



